The unique relationship between TDN and CP concentration (low CP relative to TDN) in the whole-plant of 'Floralta' limpograss (Hemarthria altissima) may provide an opportunity for improving cattle performance through protein supplementation. In each of three consecutive years, yearling Brahman × British crossbred steers (initial weight approximately 270 kg) grazed limpograss during the summer and fall (five steers per ha, three pasture replications per treatment) and were fed liquid cane molasses-based supplements (1.4 kg DM daily) alone, or containing urea and(or) hydrolyzed poultry feather meal. In yr 1 and 2, protein supplementation did not influence ADG. In these years, pasture availability was in excess at all times, and visual observations indicated that the upper canopy contained abundant leaf. Pasture samples collected in a manner to simulate grazing had in vitro organic matter disappearance (IVOMD):CP ratios ranging from 6.5 to 8.1, and plasma urea nitrogen concentration in the blood of steers fed no supplemental protein was high (10.6 to 15.9 mg/dL), both not suggestive of a situation
Introduction
Bahiagrass (Paspalum notatum), grown on approximately 1.0 million ha in Florida, is the most commonly used pasture grass in the state, and is widely utilized in the Coastal Plain and Gulf Coast regions of the southern United States (Chambliss, 1999) . Because bahiagrass becomes dormant in the fall, other perennial grasses are needed for cool-season forage production. Limpograss (Hemarthria altissima var. 'Floralta') has greater cool-season production 
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where providing a protein supplement might improve animal performance. In yr 3, ADG was improved (P < 0.05) by protein supplementation. Forage availability was in excess at the beginning of the trial but declined significantly as the trial progressed. At the end of the trial, forage IVOMD:CP ratio (11.1) and plasma urea nitrogen values of steers fed no protein supplement (6.6 mg/dL) were both suggestive of a situation where providing supplemental protein might improve animal performance. Grazing management of limpograss pasture can affect canopy composition, thereby influencing cattle response to protein supplementation. In cases where limpograss is moderately grazed resulting in abundant leaf in the grazed horizon, dietary energy:protein ratio can be balanced, and positive responses to protein supplementation may not be observed. Where limpograss is grazed more intensively resulting in greater quantities of stem in the upper pasture canopy, an imbalance of dietary protein (low) relative to energy can develop, increasing the opportunity for enhancing cattle performance through protein supplementation.
der, 1979) than many other tropical grasses at similar stages of maturity.
The unique relationship between CP concentration and TDN (low CP relative to TDN) in the whole-plant of limpograss (Pitman et al., 1994) suggests that improved cattle performance may be obtained by feeding a protein supplement. Cattle with high metabolizable protein requirements generally show improved performance when supplemented with a natural protein compared to a nonprotein nitrogen source. Natural proteins varying in their rate and extent of ruminal degradation, ranging from a moderately degraded protein such as cottonseed meal (Brown and Pate, 1997) to feathermeal which is more highly resistant to ruminal degradation (Klemesrud et al., 2000) , have shown improved animal performance compared to a supplement containing urea as the sole source of protein.
Several studies have investigated protein supplementation for cattle grazing limpograss pasture. Holderbaum et al. (1991) found increased ADG by feeding a corn-based supplement containing urea to calves grazing limpograss pasture. That trial was conducted in the summer and early fall with the objective of utilizing all available limpograss forage prior to first-frost. The objective of this research was to evaluate the response of steers grazing 'Floralta' limpograss pasture over a wide range of the grazing season (spring, summer, fall, and early-winter) to supplementation with molasses-based feeds containing urea and(or) hydrolyzed poultry feather meal.
Materials and Methods
In each of three consecutive years, the same 12 'Floralta' limpograss pastures, each 1.0 ha in size, were utilized. In each year, 60 yearling Brahman × British crossbred steers (less than 50% Brahman) were randomly allotted to 12 groups of five steers each, and each group was placed onto a pasture. All procedures used in this study were approved by the University of Florida Institutional Animal Care and Use Committee. In yr 1, the trial began on September 16 and ended on December 3 (78 d), in yr 2, the trial began on June 22 and ended on October 4 (104 d), and in yr 3, the trial began on June 7 and ended on November 28 (174 d). At the start of the trial in yr 1, steers averaged (mean ± SD) 270 ± 13.6 kg, in yr 2, steers averaged 273 ± 6.8 kg, and in yr 3, steers averaged 287 ± 26.1 kg. In each year, pastures were fertilized with 53, 13, and 28 kg/ha of N, P, and K, respectively, about 30 d prior to initiation of the trial.
Each group of steers continuously grazed their respective pasture during the course of the study, and were fed one of the following molasses-based (blackstrap sugarcane molasses) supplements (%, DM basis) at the rate of 1.4 kg DM per steer daily: 1) 100% liquid cane molasses; 2) 94% molasses, 6% urea; 3) 80% molasses, 20% feather meal; and 4) 74% molasses, 6% urea, 20% feather meal (Table 1) . Each treatment had three pasture replications. Supplements containing molasses-urea, and molasses-feather meal were formulated to be isonitrogenous (approximately 22% CP). The supplement containing molasses-urea-feather meal was approximately 40% CP and contained the same quantity of protein from urea and feather meal as that in the supplements containing the individual protein sources. This was done to ensure that the molasses-urea-feather meal supplement contained the same quantities of degradable intake protein and undegradable intake protein as that supplied in the supplements containing only urea or feather meal. Steers were fed their total weekly amount of supplement in three equal feedings on Monday, Wednesday, and Friday. All supplements were completely consumed.
A mineral supplement containing 12% Ca, 12% P, 25% NaCl, 1% Fe, 0.13% Cu, 0.05% Mn, 0.10% Zn, 0.04% I, 0.0016% Se, and 0.18% F was offered freechoice. Full weights, and shrunk weights after an overnight fast from feed and water, were obtained at the beginning and end of the trials, with full weights obtained every 28 d. Shrunk weights taken at the start and end of the trials were used to calculate ADG.
Blood samples were obtained by tail puncture at various times during the trials. Blood samples were obtained on November 1 and December 2 in yr 1, on September 15 in yr 2, and on July 11 and November 20 in yr 3. Blood was allowed to clot and then centrifuged at 1,500 × g for 15 min. Serum was collected and frozen until analysis. Plasma urea nitrogen (PUN) was analyzed by an automated colormetric procedure based on the diacetyl monoxime method of Marsh et al. (1965) .
Pastures were sampled at various times during the trials for measurement of forage availability and nutritive value. Pasture samples were obtained on October 8 and December 2 in yr 1, on July 19 and October 1 in yr 2, and on July 7 and November 28 in yr 3. At each sampling time, five sites representing mean forage availability and pasture condition within each pasture were selected, and a 1.0-m × 6.0-m area was harvested to a 7.5-cm stubble height. The total forage harvested was weighed, and a subsample was dried in a forcedair oven at 50°C for calculation of forage yield. Handplucked samples were obtained at the time of pasture sampling by collecting herbage at approximately 20 random sites within each pasture, and dried as above. Hand-plucked samples were composed primarily of the upper layers of the pasture canopy and represented an estimate of the forage consumed by the steers. Dried subsamples of pasture and hand-plucked forage were ground to pass a 1-mm screen. Dry matter, OM, and total N were determined according to AOAC (1990) procedures. In vitro OM digestion was determined by the Moore and Mott (1974) modification of the Tilley and Terry (1963) procedure. Ruminal fluid was collected from one ruminally fistulated steer (approximately 590 kg; Brahman × British crossbred) fed stargrass (Cynodon nlemfuensis) hay in amounts sufficient to ensure ad libitum consumption, plus approximately 0.5 kg of soybean meal (Glycine max (L.) Merr.) daily. All in vitro digestion analyses were conducted in duplicate runs with three samples per run. Urea was added to the in vitro rumen buffer (1.0 g urea/L buffer).
Data were analyzed separately by year using ANOVA according to GLM (SAS Inst. Inc., Cary, NC). Steer performance data were analyzed as a completely randomized design, using pastures as the experimental units. In all cases, the model contained the effect of supplementation treatment, and where appropriate, treatment means were separated by the Waller-Duncan procedure, protected by a significant (P < 0.05) F-test for treatment effects (Steel and Torrie, 1980) . Forage availability and quality, and PUN data were analyzed as a split-plot arrangement of a completely randomized design using pastures as the experimental units. The model contained the effects of supplementation treatment, pasture replication within supplementation treatment, sampling date, and the sampling date × supplementation treatment interaction. The pasture repli- Assumes 85% of N in molasses is ruminally degraded (Hennessy et al., 1983; Stateler, 1993) . DIP = degraded intake protein, UIP = undegraded intake protein.
cation within supplementation treatment term was used to test for the effect of supplementation treatment.
Results
In yr 1 and 2, ADG was not influenced by protein supplementation (Table 2) . In those years, PUN concentration in the blood of steers fed no protein supplement was high and not influenced by protein supplementation. In yr 3, ADG by steers on the control treatment was somewhat lower than that observed in yr 1 and 2. In yr 3, protein supplementation improved (P < 0.05) ADG. The response to DIP from urea was similar to that obtained by UIP from feather meal. In yr 3, PUN Means in the same row without a common superscript letter differ (P < 0.05). f n = 3. concentration in the blood of steers on the control treatment was lower than that observed in yr 1 and 2. In yr 3, PUN was increased (P < 0.05) by protein supplementation, with steers fed supplements containing urea having the greatest PUN.
Within each year, forage availability and quality were not different among protein supplementation treatments; pooled treatment means by sampling date are shown in Table 3 . In ys 1 and 2, forage availability near the end of the experiment was only slightly less than that near the beginning of the experiment. In yr 3, forage availability near the beginning of the experiment was similar to that observed in yr 1 and 2, but by the end of the experiment, forage availability was lower (P In year 1, harvests 1 and 2 were on October 8 and December 2, respectively. In year 2, harvests 1 and 2 were on July 19 and October 1, respectively. In year 3, harvests 1 and 2 were on July 7 and November 28, respectively. < 0.05) than at the start of the trial. By the end of the trial in yr 3, the pasture canpoy was composed primarily of stem with very little leaf.
At all sampling dates, in all years, hand-plucked forage samples collected in a manner to simulate grazing were greater in CP concentration and IVOMD than that of the total canopy samples (Table 3 ). In yr 1 and 2 when ADG was not influenced by protein supplementation, IVOMD:CP ratios of hand-plucked pasture samples were 8.1 or less at both the beginning and end of the trials. In yr 3, when ADG was increased by protein supplementation, IVOMD:CP of hand-plucked pasture samples at the beginning of the trial was similar to that observed in yr 1 and 2 but by the end of the trial was approximately twice that observed at the end of the trials in yr 1 and 2.
Discussion
Laboratory measures of forage quality in addition to voluntary intake and in vivo digestibility studies have shown greater IVOMD, OM intake and digestibility, but lower CP concentration of limpograss compared to other tropical grasses at similar regrowth intervals (Moore et al., 1981) . This led Sollenberger et al. (1988 Sollenberger et al. ( ,1989 to evaluate the performance of steers grazing limpograss compared to bahiagrass during the summer and early fall. In both studies, no differences existed for ADG (0.3 to 0.5 kg) of steers grazing these two grasses. Extrusa samples collected from espohageally fistulated steers, or hand-clipped samples collected in a manner to simulate grazing, were greater in IVOMD (54 to 61%) but lower in CP (4 to 6%) from limpograss pastures than from bahiagrass pastures (48 to 55% IVOMD and 8 to 12% CP). Total available forage from limpograss pastures ranged from 4,500 to 7,500 kg DM/ ha. The authors indicated that large quantities of stem material accumulated in the limpograss pastures during much of the trial. They suggested that a lack of difference in ADG of steers grazing these two grasses in spite of greater IVOMD of forage samples from limpograss pastures could have been due to a protein deficiency for cattle grazing limpograss.
Several studies have investigated supplying supplemental protein to enhance the performance of cattle grazing limpograss pasture. Rusland et al. (1988) and Holderbaum et al. (1991) incorporated the tropical legume aeschynomene into limpograss pastures, and found greater ADG by steers grazing the grass-legume (0.52 to 0.70 kg) than the nitrogen-fertilized grass (0.29 to 0.40 kg) pastures. Holderbaum et al. (1991) also evaluated a corn-urea supplement (0.72 kg DM/steer daily; 50% CP) and found that steers fed the supplement had a greater ADG (0.59 kg) than those on the unsupplemented control (0.29 kg). Forage availability at the beginning and end of the grazing cycles in the rotational grazing system used in these studies averaged approximately 7,100 and 3,800 kg DM/ha, respectively, and the authors indicated that by the end of the trials the pasture canopy was composed primarily of stem with minimal leaf material. Crude protein concentration of the limpograss forage ranged from 5.8 to 8.0%, whereas IVOMD ranged from 57 to 60%, leading to IVOMD:CP ratios ranging from 7.1 to 10.3. Moore et al. (1995) developed a database from a large number of publications involving protein supplementation of temperate and tropical grasses and crop residues, and found that forages with TDN:CP ratios of 7.0 or greater contained marginal CP relative to energy, and positive responses to protein supplementation were found in many cases. Blood PUN concentration of unsupplemented cattle grazing limpograss pastures in the study of Holderbaum et al. (1991) averaged 6.0 mg/dL, which was below the 8 to 10 mg/dL level suggested by Hammond et al. (1993) as indicative of low dietary protein relative to energy, and was increased to 11.4 in cattle fed the cornurea supplement.
In other limpograss grazing studies, da C. Lima et al. (1999) found an interaction between pasture N fertilization rate and protein supplementation for ADG of heifers. Heifers grazing pastures fertilized with 50 kg N/ha and fed no supplement had very low ADG (0.06 kg) and PUN (4.2 mg/dL) which were increased to 0.41 kg and 12.0 mg/dL, respectively, by daily feeding of 0.70 kg of a 40% CP corn-urea supplement. Heifers grazing pastures fertilized with 150 kg N/ha and fed no supplement had an ADG of 0.36 kg, which was not improved by feeding the protein supplement. They concluded that performance of cattle grazing limpograss pastures could be improved by either strategic feeding of a protein supplement or by increasing the herbage CP concentration and canopy leaf percentage through N fertilization.
Concerning the impact of quantities and percentages of leaf and stem in the limpograss pasture canopy, Pitman et al. (1994) used steers and heifers to graze limpograss pastures at the same location and at a similar stocking rate to that used in our study. Samples of total available forage and the upper canopy were collected at the beginning and end of the trials, separated into green leaf, green stem and dead material, and subjected to CP and IVOMD analyses. Measures of total available forage at the beginning and end of the trials were similar to those observed in our study, averaging 12,000 to 13,000 kg DM/ha and 10,000 to 11,000 kg DM/ha, respectively. A similar pasture sampling strategy of separating samples into leaf and stem components for CP and IVOMD analyses was used by da C. Lima et al. (1999) . In both studies, the leaf and stem components of the limpograss pasture had similar IVOMD, but the leaf had a higher CP concentration than the stem, leading to IVOMD:CP ratios of 4.5 to 8.0 for the leaf and 10.5 to 24.4 for the stem. This suggests that the limpograss leaf is relatively balanced in its energy:protein ratio, whereas the stem is very unbalanced (i.e., low protein relative to energy). The practical application of this relationship is that a positive response to protein supplementation may not occur in situations where the diet is composed primarily of leaf, but might be expected in grazing situations where the diet is composed of greater proportions of stem.
In yr 1 and 2 of our study, visual observation suggested that excess forage was available in the pastures at all times, and significant quantities of leaf material were present in the upper layers of the canopy. The quantity of total forage DM available in our studies was very high, and consistent with the results of Pitman et al. (1994) , who also utilized a moderate grazing pressure, a stubble layer composed mainly of stems and dead material accumulated at the base of the canopy. Cattle tend to avoid this dense stem material in the lower portions of the canopy, so measures of total forage available collected at a 5 to 8 cm stubble height probably overestimate the quantity of forage in the portion of the canopy from which the animals actually graze. In yr 1 and 2, ADG was not influenced by protein supplementation. Pasture samples collected in a manner to simulate grazing had IVOMD:CP ratios ranging from 6.5 to 8.1, suggesting that the dietary energy and protein concentrations were balanced, and a positive response to protein supplementation might not be expected. In both years, PUN concentration in the blood of steers on the control treatment was high ranging from 10 to 15.9 mg/dL, suggesting an excess of dietary protein relative to energy and also inconsistent with a situation where a positive response to protein supplementation might be expected. In yr 3, excess forage was available in the pastures at the start of the trial, but availability declined to approximately 5,300 kg DM/ha by the end of the trial. Crude protein concentration of hand-plucked pasture samples collected near the end of the trial was lower than that of samples collected near the beginning of the trial leading to a IVOMD to CP ratio of approximately 11.0 which was more suggestive of a positive response to protein supplementation than that observed in yr 1 and 2. Blood PUN concentration of steers on the control treatment in yr 3 was lower than that observed in yr 1 and 2. PUN was increased by protein supplementation with a greater response in steers fed the high DIP urea supplement compared to the feather meal supplement that provided mostly UIP.
Grazing management utilized in studies conducted in north Florida (Sollenberger et al., , 1989 Rusland et al., 1988; Holderbaum et al., 1991; da C. Lima et al., 1999 ) shared a common strategy that was different than that utilized in trials conducted in south Florida (Pitman et al., 1994 ), including our current study. These differences were primarily related to the manner in which limpograss is utilized by livestock producers in these parts of the state. Trials conducted in north Florida began in the summer and ended in the early fall with the objective of utilizing the maximum amount of forage before the trial ended. Trials conducted in south Florida began earlier in the year and were extended later into the fall, with larger quantities of forage remaining in the pastures when the trials were terminated. In north Florida where the first hard-freeze typically occurs in late fall or early winter, many producers graze limpograss more intensively in the summer and fall so that cattle have utilized most of the forage before it is killed by freezing temperatures. The cattle are then transferred to annual grass pastures and(or) fed stored forage. In south Florida where the first hard freeze typically occurs in late winter or not at all, limpograss can serve as the sole source of forage for year-round grazing without the need for annual grass pasture or stored forage during the late winter and early spring. In this case, limpograss pastures are grazed more moderately in the summer and fall so that forage can be stockpiled for use in the winter and early spring. Also, pastures in the north Florida trials were utilized more intensively, with less forage available at the beginning and end of a grazing cycle compared to trials conducted in south Florida. This resulted in a greater proportion of stem in the canopy of pastures in trials conducted in north Florida leading to greater forage energy:protein ratios and a greater probability for observing a positive response to protein supplementation. In south Florida, where limpograss pastures are typically stockpiled during the time these trials were conducted, large quantities of leaf are available for consumption. This leads to lower dietary energy:protein ratios and a lower probability for obtaining a positive response to protein supplementation.
Because limpograss produces approximately 40% of its total annual yield during the cool season from November through March in south Florida (Quesenberry et al., 1978; Kretschmer and Snyder, 1979) , with appropriate grazing management it may provide adequate forage availability of acceptable nutritive value during this period without the need for feeding stored forages. To accomplish this, grazing management must allow for forage to accumulate during the spring and summer, so that following fall fertilization, sufficient forage is available for cattle during the winter and also during the early spring which in most years can be dominated by dry weather conditions. This grazing management results in excess forage availability with abundant leaf in the pasture canopy in the summer, fall, and winter prior to first-frost. Under these conditions, cattle have the opportunity to consume a diet dominated by leaf that in most cases is balanced in its energy and protein content, and positive responses to protein supplementation are not likely. Unpublished observations from our laboratory indicate that positive responses to protein supplementation can occur either after first-frost or after several grazing cycles in a rotational grazing system in the early winter when limpograss regrowth has slowed and the upper layers of the canopy become dominated by stem that contains low protein relative to its energy content.
Implications
Grazing management of limpograss pasture can affect canopy composition and thereby influence cattle response to protein supplementation. The leaf and stem of the limpograss plant are similar in their energy content, but the stem contains much lower protein than the leaf. This results in a balanced energy:protein ratio in the leaf but an unbalanced energy:protein ratio in the stem (low protein relative to energy). In cases where limpograss is moderately grazed, resulting in abundant leaf percentage in the grazed horizon, dietary energy:protein ratio is balanced, and positive responses to protein supplementation may not be observed. Where limpograss is grazed more intensively resulting in greater quantities of stem in the upper pasture canopy, an imbalance of dietary protein (low) relative to energy can develop, increasing the opportunity for enhancing cattle performance through protein supplementation.
